Halo formation for a test particle in a mismatched KV beam is studied. Parametric resonances of the particle Hamiltonian due to envelope modulation are studied with particular emphasis on period 2 resonance which plays dominant role in Halo formation. It is shown that the onset of global chaos exhibits a sharp transition when the amplitude of modulation is larger than a critical value which is a function of a single parameter, , i.e., the ratio of the space charge perveance to the focusing strength.
I. INTRODUCTION
The interest in intense charged particle beams has grown in past few years due to demand in high brightness and high intensity ion sources. For beams dominated by the self-space-charge force Kapchinskij and Vladimirskij have constructed a self consistent equilibrium distribution function which obeys the KV equation governed by the external focusing field and the self space charge force [1] . In order to understand the motion of a test particle in KV beam simultaneous numerical integration of envelope and particle equations of motion can be used. The assumption is that the envelope evolution will affect the particle dynamics, while the particle motion does not affect the envelope. The results of numerical simulations indicate that the halo formation arises mainly from resonance excitations [2] [3] [4] [5] .
This paper is organized as follows. In Sec. II, we review properties of the envelope Hamiltonian and study a motion of a weakly mismatched beam in a uniform focusing channel. In Sec. III, the particle Hamiltonian is separated into autonomous Hamiltonian and time dependent perturbation; the condition on existence of primary parametric resonances is obtained. Conditions for global chaos and estimation of halo diameter as function of modulation amplitude are considered. Conclusion is given in Sec. IV.
II. THE HAMILTONIAN FOR THE ENVELOPE PHASE SPACE
The KV envelope Hamiltonian for a uniform focusing channel is given by
(where is the external focusing field, is the emittance of the beam and K = 2Nrcl 2 3 is the space charge perveance parameter). 
Because of the nonlinear space charge force the envelope tune Q e (J e ) varies from Q(J e = 0 ) = e to Q(J e ! 1 ) ! 2 . When = 0 , the envelope dynamics is linear and Q e = 2 ; at the infinite space charge limit e = p 2.
III. THE HAMILTONIAN FOR THE PARTICLE PHASE SPACE
The Hamiltonian for a test particle is given by On the other hand in the limit of large amplitude oscillations the space-charge force is not important; particle motion is almost harmonic with Q p = 1 . Thus the tune of a test particle outside the core lies within the range [ p ; 1) .
Note that functional dependence of particle tune vs. action has a cusp at r = R o (see Figure 1) ; this suggests that a simple power expansion may not be applicable. On the other hand the sharp rise of the particle tune outside the core will bear important implications to parametric resonances when the system is subject to harmonic perturbations (such as wake fields or envelope modulation).
In terms of action-angle variables the particle Hamiltonian becomes 
This has an important implication for Halo formation which is enhanced when many high order resonances overlap creating large chaotic area in the phase space. Also as it was found in numerical simulations the resonance strength will increase as well. Finally we see that for a beam with a very large space charge parameter many resonances appear near the core and create a large region of stochasticity. Though motion inside the core is stable, the dynamics of the particle from the diffusive tail is determined by the presence of this chaotic regions.
A. Halo and global chaos
We examine particle motion in Poincaré surfaces of section at the minimum envelope radius locations; Poincaré energy for particle motion is defined as energy calculated at the minimum radius locations. The Poincaré energy of a test particle outside the core is always larger than E P = p 2( 1 M ) 2 maximum energy of core particles. We now consider the motion of a particle with
Poincaré energy E = E P . For a given mismatch parameter 
B. Period 2 resonance and Halo diameter
It is evident from numerical simulations that Halo diameter is determined mainly by period 2 resonance. Though the location of SFP of this resonance is shifted when modulation amplitude increases, this shift is linearly proportional to M (Figure 4 ) and is omitted for the sake of simplicity. So we can estimate the maximum transverse energy of Halo particles by E(J r ) + E 2 where E(J r ) is the energy of resonance particle and E is the energy width of the resonance : 
IV. CONCLUSION
In conclusion, we studied the beam transport problem solving simultaneously the dynamic equations for the KV envelope and a test particle. Parametric resonances for particle motion can be generated by a mismatched envelope oscillations. The resonance condition is found to depend only on a single effective space charge parameter . Due to the mismatched beam envelope oscillations, the period 2 resonance occurs at all values of space charge perveance. From our numerical simulations, it is observed that the critical Poincaré energy for the halo particle exhibits a sharp transition when plotted as a function of envelope mismatch parameter what is related to the onset of global chaos. The relation between the critical mismatch parameter M c and the effective space charge parameter is obtained from numerical simulations. Halo diameter is estimated. Effects of angular momentum are considered in other publications [6] .
We have studied the halo formation for a space charge dominated beams in a uniform focusing channel. This method can readily be applied to study the beam transport problems in a periodic focusing channel, where Floquet transformations is needed before analytic solution can be obtained [6] . 
